INTRODUCTION
A complex Quaternary stratigraphie sequence is well exposed at numerous sites in the Hudson Bay lowland (Fig. 1 ). This record is located at the geographic center of Laurentide Ice Sheet glaciation. The surrounding shield terrane generally lacks a depositional record of glaciation and there are few exposures where thick drift occurs. In contrast, the Hudson Bay lowland is mantled by thick sediments produced by glacial erosion of Paleozoic and Proterozoic rocks. Rivers have cut into the nearly flat surface, exposing a stratigraphie record that is unlikely to differ from sequences underlying broad interfluves. This record provides information regarding the nature of past nonglacial episodes, the nature of ensuing glaciation, and therefore, the nature of the transition from interglacial to glacial conditions near the site of glacial inception.
Topography in the Hudson Bay lowland is subdued. Elevations rise gently from sea level to about 150 m at the contact with the shield. The Sutton Ridge reaches an elevation of 250 m. Broad topographic highs elsewhere in the lowland reach 200 m in elevation. The surface of this immense gently sloping plain is poorly drained and covered to a large extent by peat. Mean annual temperatures ranges from 0 °C in the south to -7 °C in the north.
PREVIOUS RESEARCH
For more than a century, the Hudson Bay lowland has been a source of information regarding local glacial history and the functioning of the Laurentide Ice Sheet as a whole. Bell (e.g., 1887 ) recognized Paleozoic and Proterozoic erratics transported west to Manitoba, southwest across northern Ontario, and south to the Moose River basin, the southernmost part of the lowland. Tyrrell (1898) correlated multiple tills in the Hudson Bay lowland to multiple ice sheets separated in space and time and subsequently reported evidence for northwestward, "Patrician" ice flow in northern Ontario (Tyrrell, 1914) . Terasmae (1958) and Terasmae and Hughes (1960) examined the Missinaibi beds, a sequence of marine sediments, peat, forest litter, and glaciolacustrine sediments that underlies till in the Moose River basin. McDonald (1969 McDonald ( , 1971 ) conducted a reconnaissance examination of lowland stratigraphy and found nonglacial deposits that he correlated to the Missinaibi beds. Skinner (1973) examined Moose River basin stratigraphy in detail and assigned the marine member of the Missinaibi Formation, which he named the Bell Sea sediments, to isostatic depression during the onset of the last interglaciation. Stuiver and others (1978) used isotope enrichment techniques to obtain a radiocarbon age of >73,500 yr B.P. for wood from the Missinaibi Formation. Two or three tills overlying subaerial deposits, sometimes separated by waterlaid sediments, were reported for Ontario by McDonald (1969) , Skinner (1973) , and Thorleifson and others (1992) and for Manitoba by Netterville (1974) , Klassen (1986) , Nielsen and others (1986) , and Dredge and others (1986) . A late glacial readvance on the shield south of James Bay named the Cochrane (Hughes, 1965) was correlated to the upper till in parts of the lowland by Prest (1969 Prest ( ,1970 . The tills are overlain by a glaciolacustrine sequence and marine sediments deposited in the early Holocene Tyrrell Sea (Lee, 1960) , which inundated isostatically depressed terrain around Hudson Bay to altitudes of 150 m ca. 8 ka (Craig, 1969; Walcott, 1972; Dredge and Cowan, 1989 ).
It has not been conclusively determined whether a single center of Laurentide ice was established over Hudson Bay (Paterson, 1972) , or whether multiple dispersal centers indicated by erratic transport remained active throughout the last glaciation (Shilts and others, 1979; Shilts, 1980; Andrews and Miller, 1979; Dyke and others, 1982; Dyke and Prest, 1987) . According to Budd and Smith (1987) , negligible basal velocities at the center of an ice sheet dictate that erratic dispersal patterns may not be sufficient evidence to preclude a single-centered ice sheet.
The concept of a stable core of ice over Hudson Bay during tens of thousands of years of Wisconsinan glaciation (Andrews, 1976; Sugden, 1977) was challenged by Shilts (1982) and Andrews and others (1983) , who cited amino-acid evidence for repeated marine inundation of the Hudson Bay lowland during the Wisconsinan. They reported that isoleucine epimerization ratios from in situ and transported shells cluster into at least four distinct groups, the youngest being of Holocene age and the oldest derived from Bell Sea sediments. Great fluctuations in ice extent were inferred, due to climatic change or perhaps due to the inherent instability of a marine ice sheet (e.g., Thomas, 1979) . Sea-level control of marine ice-sheet volume (e.g., Denton and others, 1986) would involve drawdown or deglaciation by calving of marine ice from sites such as the Hudson Bay lowland. The alternative of direct climatic control of ice volume (e.g., Budd and Smith, 1981) or the possible lack of ice-sheet components, such as ice streams that enable sea-level control of ice volume (Miller and others, 1988) , raises the importance of field tests of theories relating to the behavior of the ice sheet through time.
GLACIAL STRATIGRAPHY
The Quaternary sediments of the Hudson Bay lowland are dominated by thick, massive matrix-supported diamicts (Fig. 2) . The diamicts are consistently very compact and blocky, and are made up of about one-tenth by weight >2 mm gravel clasts and a matrix in which silt is typically slightly more abundant than nearly equal proportions of sand and clay. Massive diamicts up to 25 m in thickness include sharply defined deformed masses and lenses of sorted sediments, and have abrupt basal contacts associated with erosive features such as striated boulder pavements and shearing of underlying sediments (Warman, 1987) . Where not obscured by marine sediments, the surface of the diamict sequences has the form of elongate flutes (Fig. 3) . Prolate pebbles in the diamids have a preferred orientation parallel to underlying boulder pavement striations and, in the uppermost unit, to the trend of the fluted surface. The features of most sediments throughout the lowland indicate subglacial sedimentation beneath a wet-based glacier others, 1982, 1983) , hence the massive diamicts are basal tills.
Descriptions of tills are available for the Manitoba lowland (Netterville, 1974; Klassen, 1986; Nielsen and others, 1986; Dredge and others, 1986) , the Severn-Winisk basin in northern Ontario (Thorleifson and others, 1992) , and for the Moose River basin (Skinner, 1973) . Five major till units can be determined in the entire lowland on the basis of (1) stratigraphic position, (2) provenance and amino-acid data, and (3) ice-flow direction inferred from flutes, fabric, and boulder-pavement striations. 
Winisk till
The Winisk till (Thorleifson and others, 1992 ) is the uppermost unit and represents a discrete ice flow. This relatively thin massive diamict underlies a belt of flutes that extends from the Fawn and Winisk rivers in the north to the Albany River in the south (Figs. 3 and 4 ). Fabric and striations on boulder pavements at the lower contact of the Winisk till parallel the flutes. The converging northern portion of the fluted belt is confined between a topographic high in the upper Fawn River area and the Sutton Ridge. Dredge and Cowan (1989) and Dyke and Prest (1987) attributed these flutes to many small ice-marginal lobations, but their model cannot be reconciled with the presence of a single till under a simple pattern of generally parallel flutes. Hence the Winisk till is considered the deposit of a single, simple event. Prest (1969) interpreted these flutes as the western flank of the Cochrane lobe. This scenario is doubted, however, on the basis of (1) the improbability of ice flow parallel to the postulated Cochrane ice margin, (2) the substantial rise in elevation along the western margin of this belt, and (3) the presence of an esker that trends southward within the belt before shifting to a southwest trend parallel to flutes west of the belt (Prest and others, 1968) . These factors can, however, be accommodated by southward ice flow in a belt flanked by comparatively stagnant ice; i.e., an ice stream (Flint, 1971) . This ice flow is thought to be a late feature of the rapidly diminishing late Wisconsinan ice sheet. Boulton and Clark (1990) analyzed past ice-flow patterns of the Laurentide Ice Sheet using interpretation of lineations in satellite imagery. The flutes on the surface of the Winisk till were labeled drift lineation set 17, their most recent event.
Sky Pilot-Severn-Kipling tills
On the Fawn and Winisk rivers, the Severn till (Thorleifson and others, 1992) underlies the Winisk till. Southwest fabrics in this till parallel flutes that occur throughout the lowland, beyond the limits of the Winisk till (Figs. 3 and 4) . The Sky Pilot till of Manitoba (Nielsen and others, 1986) , the Gods River tills C and D (Netterville, 1974; Klassen, 1986) , and the Kipling till of the Moose River basin (Skinner, 1973) all yield flute, fabric, striation, and compositional data indicating southwestward ice flow. Correlation of the Kipling till to units throughout the lowland rules out correlation of this unit to the Cochrane readvance. Instead, the Sky Pilot, Severn, and Kipling tills are correlated to late Wisconsinan flow along the flank of an ice divide in the form of an elongate ridge over Hudson Bay. Lack of ice flow into Keewatin or Quebec (Shilts, 1980) indicates that this ridge must have been concave along its axis; i.e., a saddle connecting two domes.
Drift lineation sets recognized by Boulton and Clark (1990) that relate to this episode of late Wisconsinan ice flow are their set 38 in Manitoba, set 20 in Ontario, and set 21 in Quebec. Although set 21 was assigned to the late Wisconsinan, immediately preceding the Winisk till, the other two sets were assigned to two different episodes in the early Wisconsinan. Extensive southwestward ice flow predating late glacial patterns was also reported on the basis of striations by Veillette (1986) .
Glaciofluvial sediments lacking organic material underly the equivalent of the Sky Pilot till on Gods River (the Twin Creeks sediments; Netterville, 1974; Klassen, 1986 ) and the Kipling till in the Moose River basin (the Friday Creek sediments; Skinner, 1973) . Netterville (1974) , McDonald (1971) and Skinner (1973) suggested that deglaciation was required to explain these sediments, but a subglacial origin was proposed by Dredge and Nielsen (1985) .
Long Spruce-Sachigo-Adam tills
Till yielding evidence for west-southwestward to westward ice flow underlies the tills described above throughout the lowland (Fig. 4) . The Long Spruce till in Manitoba in places contains high concentrations of Proterozoic graywacke erratics derived from the east (Nielsen and others, 1986) . Striated boulders at the base of the Adam till indicate a west-southwest orientation (Skinner, 1973) . The Sachigo till, which underlies the Severn till at two sites on the Severn River (Thorleifson and others, 1992) , produced sparse fabric and striation evidence for westward ice flow near the lower contact, but red carbonate erratics in the upper part of this till are derived from the north (Thorleifson, 1989) . Similarly, Netterville (1974) and Klassen (1986) reported southward ice flow for till at this stratigraphic position. Therefore, the Long Spruce, Sachigo, and Adam tills were deposited by a major westward advance, which was followed by localized southward ice flow in the north. These tills overlie subaerial deposits throughout the lowland, and so they are attributed to the growth of the ice sheet that later culminated in the late Wisconsinan maximum. Boulton and Clark (1990) recognized this ice-flow pattern as set 16 in northern Ontario and assigned it an early Wisconsinan age. 
Amery-Rocksand tills
The Rocksand till underlies the Severn and Sachigo tills at four sections on the upper Severn River (Thorleifson and others, 1992) . This till is slightly enriched in erratics derived from the east and yielded fabric results oriented northwest-southeast, parallel to striations indicating northwestward ice flow at Big Trout Lake (Tyrrell, 1914) . Tyrrell combined this orientation with what he thought was north-northwestward ice flow for the Winisk till on the Fawn River to infer that an ice sheet had been centered in the District of Patricia of northern Ontario. This model is rejected, however, due to the reinterpretation of the Winisk till as a deposit of southward flow and because additional striation sites oriented west-northwest (Prest, 1963; Prest and others, 1968; Skinner, 1973; Veillette and Pomares, 1991) imply an ice source in Quebec (Fig. 4) . Correlation to Manitoba on the basis of stratigraphic position implies equivalence of the Rocksand till and Amery tills (Nielsen and others, 1986; Klassen, 1986) . Fabrics obtained by Nielsen and others (1986) from this till at the Henday section are oriented northwest, but other sites reported by these authors, as well as by Klassen (1986) , indicate southwestward ice flow. In the Moose River basin, no till is obviously correlative, but Skinner (1973) obtained evidence for westnorthwest ice flow from striated boulders in till that he correlated to the Kipling till, due to the lack of overlying till. Therefore, an additional till which was not recognized by Skinner (1973) must be present, or the uppermost of the pre-Adam tills, which occur on the upper Missinaibi River, may correlate to this episode of dominantly west-northwestward ice flow. Boulton and Clark (1990) labeled lineations oriented west- 
Severn Till
on March 2, 2015 specialpapers.gsapubs.org Downloaded from northwest in northern Ontario as set 18, although the features were interpreted as the product of east-southeastward ice flow. An earliest Wisconsinan age was proposed.
Sundance-Shagamu tills
Underlying the Amery till in Manitoba is the Sundance till (Nielsen and others, 1986) , deposited by Keewatin-derived southeastward ice flow. The Shagamu till, in the Severn-Winisk area (Thorleifson and others, 1992) , is at this stratigraphic position and also is derived from the northwest. Southeastward ice flow was also determined for the second of three pre-Adam tills of the Moose River basin (Skinner, 1973 ). An old southeastward ice flow has also been reported for Quebec by Bouchard and Martineau (1985) and the shield south of James Bay (Veillette and others, 1989) . Boulton and Clark (1990) labeled old southeast drift lineations in northern Manitoba as set 34.
PRE-HOLOCENE NONGLACIAL STRATIGRAPHY
Pre-Holocene nonglacial and proglacial sediments (Fig. 5 ) occur at several sites across the Hudson Bay lowland (McDonald, 1969) . The best known occurrences are the Missinaibi Formation of the Moose River basin (Skinner, 1973) , and, in northern Manitoba, the Nelson River sediments (Nielsen and others, 1986) and the Gods River sediments (Netterville, 1974; Klassen, 1986) . The Kabinakagami sediments, located west of the Moose River basin, were introduced by Shilts (1982) and Andrews and others (1983) . Deposits in the central lowland, including the Fawn River gravel (Shilts, 1982; Andrews and others, 1983) , were named the Fawn River sediments by Thorleifson and others (1992) .
Nelson River sediments
The Nelson River sediments occur on Nelson River in northeastern Manitoba (Nielsen and others, 1986; Dredge and others, 1990; Berger and Nielsen, 1990) . Total thickness ranges from 2 to 3 m, and sediments include gravel, thinly bedded sand, silt, and clay with dropstones at some exposures. Organic material 20 cm thick at two sections is composed of woody compressed peat. The Nelson River sediments underlie the Long Spruce till and overlie the Amery till.
Beetle remains from the Henday section indicate that the Nelson River sediments were deposited north of the tree line under conditions more severe than the present. Several taxa currently occupying tundra were encountered, whereas taxa characteristic of the boreal forest, such as bark beetles (Scolytidae), were absent. Analogous conditions were suggested to be the present Eskimo Point, District of Keewatin (Nielsen and others, 1986) or Churchill, Manitoba (Dredge and others, 1990) . Beetles from the Limestone section may indicate an open-ground assemblage marginally south of the treeline (Dredge and others, 1990 ). In contrast, pollen from the sediments yielded dominant spruce (Picea) and pine (Pinus), suggesting conditions not substantially different from today. A woolly mammoth molar found on a bar in the Limestone River may have been derived from the Nelson River sediments (Nielsen and others, 1988) . A tundra pollen assemblage was recovered from a pre-Amery till soil at the Sundance section.
Gods River sediments
The Gods River sediments (Netterville, 1974; Klassen, 1986; Dredge and others, 1990) consist of silt over wood, peat, sand, and gravel. Apparently correlative sediments, which possibly include a basal marine unit, occur on the Hayes (McDonald, 1969) , Echoing, and Stupart rivers (Dredge and others, 1990) .
Unlike the Nelson River sediments, bark beetles are present in the Gods River sediments (Dredge and others, 1990) . Netterville (1974) reported pollen data from a 4-m-thick gyttja sequence within the Gods River sediments (Klassen, 1986; Dredge and others, 1990) . The data were divisible into three zones based on shifts in tree pollen, primarily changes in spruce. The lower zone was characterized by low but increasing values for spruce and strong representation of Sphagnum and Cyperaceae, thus indicating a climate similar to the present tundra regions of northeastern Manitoba and southern Keewatin. The assemblage differed from these tundra sites in their higher content of birch (Betula), alder (Alnus), and fern spores. The overlying middle zone contains higher values for tree pollen, including a marked inflection in the curves for spruce. This was interpreted by Netterville as the northward passage of the tree line and establishment of a forest-tundra environment similar to present. The upper pollen zone resembles the lower zone, but shows an upward decrease in spruce and other tree pollen. Hence a cooling climate and southward migration of the tree line were inferred.
Fawn River sediments
The Fawn River sediments include marine, fluvial, subaerial, and glaciolacustrine sediments (Thorleifson and others, 1992) . Deglaciation of isostatically depressed terrain and opening of Hudson Bay are indicated by marine sediments on the Severn River (Wyatt, 1989) . Isostatic recovery is indicated by the Fawn River gravel (Shilts, 1982; Andrews and others, 1983) and similar deposits on Beaver River. Subaerial exposure is indicated by 0.35-m-thick peat that overlies this gravel on Beaver River. Glaciolacustrine sediments overly subaerial deposits at sites on Severn River.
Spruce, larch (Larix), and bark beetle macrofossils in the Beaver River peat indicate trees near the site (Wyatt, 1989) . Because this occurrence is presently near the tree line, a climate no colder than present is implied. The inferred paleoenvironment has modern analogues well to the south, so the possibility of climate warmer than present cannot be ruled out. Pollen in the peat (Wyatt, 1989; Mott and DiLabio, 1990) shows little vertical variation. Spruce is the dominant pollen taxon at values between 40% and 55%. Pine is second in abundance at about 20%. Birch, Ericaceae (heath), and Gramineae (grass) pollen make up 11% or less. Sphagnum spores are abundant. Low values for alder and willow (Salix) attest to the presence of these shrubs in suitable nearby locations. Small amounts of sage (Artemisia) and other herbaceous pollen taxa indicate that open, drier upland areas were not locally abundant. According to Wyatt (1989) , northern boreal to forest tundra conditions, with climate as warm or warmer than present, are suggested by the data.
Kabinakagami sediments
The Kabinakagami sediments, named by Shilts (1982) , occur at three sections on the Kabinakagami River, west of the Moose River basin. These sediments consist of contorted laminated silt and crossbedded sand, indicating southeastward paleocurrents. The sediments lack indications of subaerial exposure and are probably glaciofluvial in origin. A shell from this unit analyzed by Andrews and others (1983) was probably reworked. These sediments therefore are correlated to the Friday Creek sediments of the Moose River basin (Skinner, 1973) .
Missinaibi Formation
Deposits correlated as the Missinaibi Formation by Skinner (1973) occur on the upper Missinaibi River and its tributaries, Adam Creek, Abitibi River, Moose River Crossing, and Kwataboahegan River. The upper Missinaibi River sites expose glaciolacustrine sediments, peat, wood and a weathering horizon. At Adam Creek, silty clay with wood fragments, gastropod shells, Hiatella arctica shells and fragments, marine foraminifera, and ostracoda overlies oxidized gravel, silt, and clay and is overlain by 4 m of glaciolacustrine rhythmites (Skinner, 1973; Fig. 5 ). Fossiliferous marine sediments underlying till on the Abitibi River were first reported by Prest (1966) . The Moose River Crossing section exposes a subtill sequence of sand, silt, and clay containing marine Hiatella arctica shell fragments overlain by up to 1.5 m of silt-clay rhythmites. Peat and wood fragments are found at the contact between these two units. Sections on the Kwataboahegan River, just downstream from the confluence with the Mistuskwia River, expose marine sediments underlying till (McDonald, 1969; Skinner, 1973) .
Foraminifera from the Abitibi River marine sediment dominated by Elphidium clavatum indicate deposition in cold, lowsalinity bottom water (Skinner, 1973) . Pollen analysis of the Missinaibi Formation on the Missinaibi, Pivabiska, Soweska and Opasatika rivers and from the Moose River Crossing section all yielded assemblages dominated by spruce and pine, similar to present assemblages (Skinner, 1973; Mott and DiLabio, 1990) .
Correlation
Stratigraphic context with respect to tills, depositional environments, and pollen data suggest correlation of at least most occurrences of the Nelson River, Gods River, Fawn River, and Missinaibi sequences. Beetle evidence from the Nelson River sediments, the northernmost of the occurrences, for a paleoenvironment north of but near tree line contrasts with other sites.
These deposits are in every case, however, incomplete and fragmentary, so conclusive comparisons of aspects of the sequences cannot be made. Lack of differences in pollen data may be due to the lack of sensitivity of the northern boreal forest to shifts in climate. Two ages of nonglacial deposits were recognized for the Nelson River on the basis of lithostratigraphy (Nielsen and others, 1986 ), but subdivision is not possible elsewhere without reference to geochronological data.
GEOCHRONOLOGY

Radiocarbon
Radiocarbon dates have been obtained for organic material beneath till at several sites across the Hudson Bay lowland (Table  1) . Out of 30 dates, 26 are indeterminate. Two accelerator dates on marine shells from Abitibi River yielded finite dates (Andrews, 1987) , but shell material tends to acquire young carbon (e.g., Miller, 1985) . Skinner (1973) obtained an age of 38,200 yr B.P. (GSC-1475) from an unleached shell sample, but a nonfinite date was obtained following acid treatment to remove the outer portion of the shells. A finite date of 37,400 yr B.P. was obtained by Wyatt (1989) subsequent analysis of the same material yielded a nonfinite age. There is, therefore, no convincing radiocarbon evidence indicating that any pre-Holocene organic material in the Hudson Bay lowland has an age less than 50 ka. Beukens (1990) has indicated, however, that Geological Survey of Canada (GSC) background reference materials have 14 C concentrations equivalent to apparent ages of 42 and 45 ka, without correction for background. It could be argued that an uncontaminated wood sample with an age of 45 ka would be dated at >50 ka at the GSC lab. It seems unlikely, however, that a field sample could be less contaminated than the reference materials. Nevertheless, these uncertainties indicate that caution is required in the use of high finite or nonfinite radiocarbon dates.
Thermoluminescence
A TL age of 73 ± 10 ka was obtained for the marine unit of the Fawn River sediments by Forman and others (1987) . Berger and Nielsen (1990) subsequently obtained TL ages of 32 to 46 ka from fresh-water silt and silty clay from the Nelson River sediments in northern Manitoba. Marine sediments were deposited early in a nonglacial episode prior to isostatic recovery, whereas glaciolacustrine sediments overlying subaerial deposits and directly underlying till are associated with the blockage of drainage by the advancing ice sheet, at the end of the interstadial or interglacial episode. An age difference sufficient to allow for isostatic recovery and deposition of peat is required, so the two ages are not contradictory.
A contradiction remains, however, with the radiocarbon record, which does not support subaerial exposure between 40 and 50 ka. A possible 40% underestimation of age by the TL method, as discussed by Berger and Nielsen (1990) , would permit assignment of the glaciolacustrine sediments to an age greater than 50 ka, such as the end of substage 5a or stage 4 (Shackleton and Opdyke, 1973) .
Rejection of GSC nonfinite radiocarbon dates and acceptance of TL age determinations by Berger and Nielsen (1990) , however, would indicate the delay of glacial advance after late stage 5 deglaciation until mid-stage 3. This would imply a lack of ice cover during oxygen-isotope stage 4.
Amino acid
Data from in situ shells. Shilts (1982) and Andrews and others (1983) obtained total alloisoleucine to isoleucine (alle/Ile) ratios for Hiatella arctica shells collected from two marine units. Early Holocene Tyrrell Sea deposits produced values of -0.03, whereas shells from the Bell Sea sediments produced ratios of -0.22. Their data were confirmed by the analyses (Fig. 6) carried out by Wyatt (1989) . Shilts and Wyatt (1988) and Wyatt (1990) subsequently obtained ratios of 0.12 to 0.14 from two additional in situ marine deposits on the Severn and Abitibi rivers (Fig. 6) . The name "Prest Sea" was proposed for the latter site by Shilts and Wyatt (1988) and the additional name "Abitibi River sediments" is proposed here. These values are equivalent to the older of the two intermediate clusters obtained from transported shells by Andrew and others (1983) . For the Prest Sea and the Bell Sea to be the same age, e.g., 125 ka, a temperature history difference of 3 °C would be required. This is regarded as unlikely, given the proximity of the two Moose River basin sites.
The possibility that Prest Sea marine sediments were deposited in front of advancing ice at the end of the Bell Sea episode can be ruled out because Skinner (1973) observed glaciolacustrine sediments overlying subaerial deposits. Furthermore, in the Severn River basin, Prest Sea ratios were obtained from reworked Hiatella arctica fragments collected in gravel underlying peat. Skinner (1973) correlated all Missinaibi Formation sites, including both marine units, to one episode. Amino-acid data indicate, however, two ages for marine sediments in the Moose River basin. Some of the organic deposits from which paleoecological data have been obtained may therefore date from the Prest Sea episode. Confident correlation of the Missinaibi Formation type locality at section 24M on the upper Missinaibi River to one of the marine units will not be possible until additional data, such as amino-acid ratios from reworked shells, are obtained.
Thermal history. Andrews and others (1983) calculated an effective diagenetic temperature (EDT) of +0.6 °C for the assignment of Bell Sea ratios (0.22) to substage 5e (130 ka). A higher value, +2.2 °C, results from the higher mean ratio (0.24) obtained by Wyatt (1989) , an age of 125 ka for the onset of substage 5e (Martinson and others, 1987) , and updated Arrhenius parameters (Miller, 1985) . This EDT is higher than values considered reasonable by Andrews and others (1983) . Assignment of Bell Sea ratios (0.24) to stage 7 would imply a more reasonable EDT of -0.6 °C.
Comparison to the European record also favors assignment of the Prest Sea to substage 5e. Total alle/Ile ratios of about 0.18 have been obtained from Hiatella arctica shells in deposits of the last interglacial in Belgium, the Netherlands, and Germany (Miller and Mangerud, 1985) . The present mean annual temperature in northern Europe, about +8 °C, is well above values of 0 to -7 °C in the Hudson Bay lowland. A value of 0.14 would therefore seem reasonable for the last interglacial of Hudson Bay. These considerations are not, however, considered sufficient evidence for the rejection of TL data that date marine sediments bearing shells with 0.14 ratios to about 75 ka. The various temperatures obtained from thermal history reconstructions may be within the range of reasonable values, given their sensitivity to the several inputs required. Regarding comparison to Europe, it is suggested that basal temperatures beneath the Laurentide Ice Sheet were probably warmer than the subaerial exposure experienced by northern Europe during much of the last glaciation.
The lack of a convincing conclusion based on thermal history modeling of amino-acid ratios leaves TL dating of Prest Sea sediments as the only opportunity to favor one chronology over another. Therefore, a substage 5a age is assigned to the Prest Sea. By extrapolation, the Bell Sea is assigned to substage 5e.
Data from glacially transported shells. Amino-acid data from tills in the Severn-Winisk area (Wyatt, 1989) allow ice-flow events to be fixed in time relative to marine incursions.
The Rocksand till yielded sparse data that span a range of values similar to and slightly lower than those derived from Bell Sea sediments (Fig. 7) . The lack of Prest Sea values and the requirement for an ice mass to produce isostatic depression associated with the Prest Sea indicates correlation of the Rocksand till to post-Bell Sea, pre-Prest Sea time; i.e., mid-stage 5. The lack of Prest Sea ratios in the Rocksand till offers further evidence against the deposition of marine sediments in front of advancing Wisconsinan ice.
The Sachigo till yielded both Bell Sea and Prest Sea ratios (Fig. 7) . These ratios suggest that this ice advance postdates the Prest Sea, but that the older Bell Sea shells were reworked.
The Severn till yielded many more shell fragments than the underlying till (Fig. 7) Andrews and others (1983) .
The Winisk till, which is primarily derived from offshore Hudson Bay, yielded values dominated by the 0.07 cluster (Fig. 7) .
Ratios from tills thus include two clusters of values, at 0.07 and 0.18, that were not obtained from raised marine sediments (Fig. 8) . These clusters are considered to be the offshore equivalents of the Prest Sea and the Bell Sea, respectively, as originally discussed by Andrews and others (1984) . Whereas raised marine sediments were deposited at the onset of an interglacial or interstadial episode prior to isostatic recovery, offshore shells may be as much as tens of thousands of years younger. In addition to lesser age, offshore shells may have had a cooler thermal history, further contributing to lower ratios. Mean annual air temperature in the lowland ranges from 0 to -7 °C, but subsurface temperature is several degrees higher (Brown, 1973; Harris, 1981) . Shells with radiocarbon ages of 7 ka derived from Tyrrell Sea sediments give total alle/Ile ratios for Hiatella arctica of-0.033, indicating an effective diagenetic temperature of 5.5 °C. Water at the bot- torn of Hudson Bay currently has a temperature between 0 and -2 °C (Prinsenberg, 1986) . Therefore, onshore shells were exposed to a warm episode in their thermal histories that was not experienced by their offshore counterparts. After glacial transport to a site above present sea level, deglaciation, and retreat of sea level, the offshore shells have only been exposed to a few thousand years of warm subaerial conditions. The combination of age and thermal history offers an explanation for the additional clusters that is more compatible with known lithostratigraphy than the inference of additional glacial/ deglacial events, whether by deglaciation (Andrews and others, 1983) or a calving bay in Hudson Bay (Dredge and Thorleifson, 1987 ).
An age of less than 40 ka for the end of the Prest Sea (Berger and Nielsen, 1990 ) would help to account for alle/Ile ratios in till as low as 0.05, only slightly higher than Tyrrell Sea ratios of 0.03.
GLACIAL INCEPTION
The Hudson Bay lowland was glaciated early in any major glacial episode. Glacial-inception theories based on highland origin of ice sheets (Flint, 1943) or more extensive initial snow accumulation (Ives, 1957; Williams, 1978 Williams, , 1979 involve the advance of ice sheets from surrounding land and coalescence in Hudson Bay. In contrast, the ice shelf freeze-down mechanism of Denton and Hughes (1981) suggests ice-sheet nucleation within Hudson Bay, possibly coincident with ice-sheet growth on land (Denton and Hughes, 1983) .
Glaciation involving generally westward ice flow derived from Quebec dates to mid-stage 5 in both of the chronologies proposed here. Glacial-inception models such as those presented by Flint (1943) and Ives (1957) involving growth of an ice sheet in Quebec are therefore favored.
The alternative of inception in Hudson Bay (Denton and Hughes, 1981) would require the conclusion that early Wisconsinan ice over Hudson Bay was cold based. Sedimentation by approximately westward wet-based ice flow would then postdate the growth of an ice sheet frozen to its bed. Freeze-down of an ice shelf would have to be reconciled with paleoecological indications of climate similar to present obtained from organic material underlying glaciolacustrine sediments marking ice-sheet growth.
CONCLUSIONS
Till correlation and ice-flow patterns
The tills of the Hudson Bay lowland can be correlated on the basis of (1) stratigraphic position, (2) provenance and aminoacid data, and (3) ice-flow direction inferred from flutes, fabric, and striations on boulder pavements ( Table 2) .
As discussed by Boulton and Clark (1990) , several coherent ice-flow patterns are recognizable in the geomorphic as well as the stratigraphic record. Great shifts in ice-dome position are implied by the various ice-flow directions.
No evidence for a Patrician center of glaciation in northern Ontario (Tyrrell, 1914) was obtained. Instead, a crucial component of Tyrrell's model, northward ice flow for the Winisk till, has been refuted. Additional evidence has, however, been obtained for west-northwestward ice flow across northern Ontario. This ice flow presumably was centered in Quebec.
In addition to this west-northwestward ice flow, an earlier southeastward trend and later westward, southward, southwestward, and local south-southeastward trends may be traced over long distances. Skinner (1973) proposed a model for the Missinaibi Formation that involved marine inundation of isostatically depressed terrain, retreat of sea level, fluvial sedimentation, subaerial exposure, and glaciolacustrine sedimentation in front of the advancing ice. In each of the areas that have been studied, this model is compatible with available data (Table 2 ).
Pre-Holocene nonglacial stratigraphy
In the Moose River basin, however, two episodes of marine inundation are now recognized. Additional field and laboratory analyses will be required in order to correlate other sites to the two episodes. In the northern lowland, stratigraphic position with respect to tills and the lack of contradictory geochronological data imply the equivalence of the Nelson River, Gods River, and Fawn River sediments. TL data indicate that this prolonged episode, which included isostatic recovery and peat accumulation, extended from substage 5a to a time possibly as late as mid-stage 3.
Ice-sheet growth
The TL chronology indicates that glaciation of the Hudson Bay lowland during stage 5 was initiated by a west-northwestward advance of ice derived from Quebec. In Manitoba, equivalent till also shows evidence for southwestward ice flow.
If TL data are rejected, west-northwestward ice flow would be reassigned in an alternative chronology to stage 6. Stage 5 glacial inception in this alternative chronology would involve the westward ice flow that is recorded by the Long Spruce, Sachigo, and Adam tills. This implies an ice dome in Quebec well to the north of its earlier position. Fabrics on the Gods River and red carbonate erratics on the Severn River indicate that, in the north, ice flow shifted to southward late in this initial episode of continuous till sedimentation.
Wisconsinan glaciation
The Nelson River, Gods River, and Fawn River sediments, as well as marine sediment on the Abitibi River, were deposited during the final pre-Holocene nonglacial episode. Subsequently, two or three tills, in places separated by sorted sediments, were deposited. This sequence has been attributed to an early ice advance, intra-Wisconsinan deglaciation that fell just short of marine incursion, and a readvance to the late Wisconsinan maximum (e.g., McDonald, 1971) .
A simpler scenario may be constructed if it is accepted that till sedimentation is concentrated in settings within a few hundreds of kilometers of the margin and that rippled sand and laminated silt can be deposited in a subglacial environment. The Long Spruce, Sachigo, and Adam tills could be attributed to the growth of the ice sheet. Sorted glaciofluvial sediments lacking organic material, such as the Twin Creeks sediments, may be a subglacial meltwater deposit formed when the ice sheet was extensive. The upper tills, Sky Pilot, Severn, and Kipling, would then be attributed to near-marginal flow from a saddle over Hudson Bay during retreat of the ice sheet. Local, late glacial perturbations of this pattern included a major ice stream in the Winisk River area.
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